Background and Purpose-Carotid artery stenting (CAS) is an alternative to carotid endarterectomy (CEA) for stroke prevention. The value of this therapy relative to CEA remains uncertain. Methods-In 10 958 Medicare patients aged 66 years or older between 2004 and 2006, we analyzed in-hospital, 1-year stroke, myocardial infarction, and death rate outcomes and the effects of potential confounding variables. Results-CAS patients (87% were asymptomatic) had a higher baseline risk profile, including having a higher percentage of coronary and peripheral arterial disease, heart failure, and renal failure. In-hospital stroke rate (1.9% CAS versus 1.4% CEA; Pϭ0.14) and mortality (CAS 0.9% versus 0.6% CEA; Pϭ0.20) were similar. By 1 year, CAS patients had similar stroke rates (5.3% CAS versus 4.1% CEA; Pϭ0.12) but higher all-cause mortality rates (9.9% CAS versus 6.1% CEA; PϽ0.001). Using Cox multivariable models, there was a similar stroke risk (hazard ratio, 1.28; 95% CI, 0.90 -1.79) but CAS patients had a significantly higher mortality (HR, 1.32; 95% CI, 1.02-1.71). Sensitivity analyses suggested that unmeasured confounders could be responsible for the mortality difference. In multivariable analysis, stroke risk was highest in the patients symptomatic at the time of revascularization. Conclusions-CAS patients had a similar stroke risk but an increased mortality rate at 1 year compared with CEA patients, possibly related to the higher baseline risk profile in the CAS patient group. 
C arotid artery stenosis is a major risk factor for ischemic stroke. 1 Approximately half of patients with ischemic stroke have carotid stenosis and approximately one-third have no warning symptoms. 1 Previous studies have determined that carotid endarterectomy (CEA) is superior to medical therapy alone in patients with symptomatic and asymptomatic high-grade carotid stenosis. [2] [3] [4] [5] [6] Carotid artery stenting (CAS) is increasingly performed as a CEA alternative. Results from randomized clinical trials comparing CAS and CEA are limited; in particular, it is not clear if CAS has a clear advantage over CEA in asymptomatic patients with average surgical risk. [7] [8] [9] [10] [11] [12] [13] Studies on CAS outcomes in elderly (80 years or older) patients have shown increased periprocedural stroke or death risk compared with younger patients. 14 -17 "Real world" data on long-term outcomes and predictors of adverse outcomes after CAS in elderly patients are limited.
In October 2004, the Centers for Medicare and Medicaid Services announced the reimbursement for CAS in Food and Drug Administration postapproval investigational stent studies 18 and in March 2005 broadened coverage by reimbursing CAS procedures in selected patients at high surgical risk. 19 This decision reimbursed for asymptomatic carotid artery stenosis Ն80% or symptomatic carotid artery stenosis Ͼ50%. The minimally invasive nature of CAS makes it an appealing treatment option. This fact could lead to its increased and possibly inappropriate use. The purpose of this national population-based study was to determine the relative effectiveness of CAS compared with CEA in the management of patients with carotid artery stenosis using the populationbased Medicare database.
Patients and Methods
Data sources were the Centers for Medicare and Medicaid Services 5% Medicare Provider Analysis Review and Denominator files from 2003 to 2006, which contain a 5% nationwide random sample of Medicare claims. The study population consisted of all patients aged 66 years or older (to ensure available Medicare claims data for a full year before the procedure) who underwent CAS or CEA between January 1, 2004 and December 31, 2006 and were continuously enrolled in the Medicare Part A (inpatient) services program without health maintenance organization (HMO) for 1 year before the procedure. For in-hospital end points, all patients were included and for 1-year outcomes all patients from years 2004 and 2005 were included. Because all patients were hospitalized for CAS or CEA, study cohorts were identified by discharge diagnosis and procedural codes based on the presence of International Classification of Diseases, 9th revision, clinical modification (ICD-9CM) codes. 20 Procedure codes for CEA (38.12), CAS (00.63, 00.64, 00.61), and insertion of noncoronary stents (39.50, 39.90) were used in conjunction with the diagnostic codes for carotid artery stenosis (433.11, 433.10, 433.1, 435.9). If patients had multiple procedures during the study period, then only the first carotid artery revascularization procedure was included. We also excluded patients with both CAS and CEA in the 12-month window (Figure 1 ). Patients were classified as symptomatic or asymptomatic. If the patient's principal discharge diagnosis was "carotid artery stenosis with stroke" or a secondary diagnosis code included a history of previous stroke (ICD - 12) , then patients were classified as symptomatic. If the principal discharge diagnosis was "carotid artery stenosis" without mention of stroke and with no accompanying secondary diagnoses for TIA or history of stroke or amaurosis fugax, then the patient was classified as asymptomatic. 21 Primary outcome measures were the occurrence of stroke, myocardial infarction (MI), and all-cause death rates after procedure by 1 year. Stroke was defined by discharge ICD-9 codes of in-hospital "postoperative stroke" (997.0 to 997.01, 997.09) or stroke at rehospitalization after CAS Discrete data are reported as frequencies and compared by 2 and Fisher exact tests as appropriate. Continuous data are reported as meanϮSD and compared by Student t test. Time to first occurrence of study outcomes (death, stroke, MI) were estimated according to the Kaplan-Meier method. In these analyses, for stroke and MI analyses, patients were censored at death, at loss of Medicare Part A coverage, at switching to a health maintenance organization, or at the end of 1-year follow-up. Multivariable Cox proportional hazards model was used to identify independent predictors of 1-year stroke, death, MI, and combined end point. Adjustment was made for age, sex, medical comorbidities, admission diagnosis, presentation type (symptomatic versus asymptomatic), treatment year, and hospital type (teaching versus nonteaching) for determining outcome predictors. We tested the assumption of proportionality in the Cox model by determining that the logarithm of the baseline cumulative hazard rates and the Schoenfeld residuals were proportional with follow-up time. Additionally, propensity analyses were conducted to balance independent risk factors for outcomes between CAS and CEA. 23 The propensity that a patient would receive CAS was generated from a logistic regression model that incorporated the potential confounders included in the Cox model. Patients were grouped into 5 strata representing quintiles of the propensity score. The Cochran-MantelHaenszel 2 test was used to determine whether the covariance was balanced after adjusting for propensity quintiles. Covariates that retained a significant difference between patients receiving CAS and CEA were adjusted together with the propensity score in the Cox models. Sensitivity analyses were also performed to assess the potential effects of unmeasured confounders on the associations observed between outcomes and different treatments. 24 The unmeasured confounders in our study could be, for example, the degree of carotid stenosis, the use of protection devices during stenting procedure, and operator's experience. Prevalence of the unmeasured confounder was set to different levels for patients receiving CAS and CEA. For each prevalence level, effect size of the unmeasured confounder on outcomes ranged from hazard ratio of 1.1 to 1.5. The estimated hazard ratio for CAS versus CEA from Cox models was further adjusted for the unknown confounders. All analyses were performed using SAS version 9.1 (Cary, NC). For all comparisons, a 2-sided value of PϽ0.05 was considered statistically significant. 
Results

During
Patient Characteristics by Procedure
In-Hospital Outcomes
In-hospital outcomes were assessed in 10 958 patients who underwent either CAS (nϭ1323) or CEA (nϭ9635; Table 2 ). There were similar in-hospital stroke ( 
1-Year Outcomes and Their Predictors in the Entire Cohort
At 1 year, the 2 groups had a similar stroke rate (5.3% CAS versus 4.1% CEA; Pϭ0.12), but CAS had an increased all-cause death rate (9.9% CAS versus 6.1% CEA; PϽ0.001; Figure 2 Table 2 ). By multivariate analysis of the entire cohort (nϭ7461), after adjustment for other predictors (all the variables listed in the Table 3 under the adjusted model), CAS was not an independent predictor of stroke (hazard ratio, 1.28; 95% CI, 0.9 -1.79). However, CAS was associated with significantly increased risk of death, MI, and combined events compared to CEA (Table 3) .
Propensity Score Analysis
To further adjust for potential confounders, propensity analyses were performed. Those covariates that were statistically unbalanced at baseline between the CAS and CEA groups as shown in Table 1 were adjusted with propensity scoring. Propensity score adjustments yielded no substantive differences relative to traditional multivariate Cox analyses (Table 3) .
Sensitivity Analysis
Sensitivity analyses to estimate the potential effect of unmeasured confounders on the study outcomes of mortality and acute MI were also performed. Results controlling the unmeasured confounder based on different prevalence and hazard ratio of an unknown factor are shown in Table 4 . In Table 4 , the first row is the result from our current statistical model after adjusting known risk factors but without adjusting for any unmeasured confounding factor (assumption is that there is no unmeasured confounder, 0% prevalence of unmeasured confounder for both treatments and effect size hazard ratioϭ1.0). The rest of the rows are based on the following assumptions: if there is an unmeasured confounder, if the prevalence of the confounder was as shown in the right 2 columns for each treatment, and if the effect size (hazard ratio) was as shown in the third column, and we included this unmeasured confounder (with our assumed prevalence and effect size on hazard ratio) in the multivariate models that adjusted other known risk factors to calculate. Unmeasured confounders with either a very small effect (hazard ratio, 1.10) on mortality and somewhat large difference (30%) in prevalence, or with a relative large effect (hazard ratio, 1.30) on mortality and small difference (10%) in prevalence could alter the significance of the difference on mortality between CAS and CEA. For acute MI, it would require both somewhat larger effect on mortality and large difference in prevalence to change the study conclusion.
Examination for Interaction
Interactions were tested on the basis of the Cox model presented in Table 3 . There were no statistically significant interactions between age, gender, presentation type (symptomatic disease versus asymptomatic disease), and treatment choices (CAS versus CEA) on any studied 1-year outcomes.
Discussion
The present analysis of carotid revascularization in a random sample of Medicare claims is the largest population-based series with 1-year outcome comparing CAS and CEA. 25 There are several important observations.
The CAS group had a significantly worse baseline risk profile, ie, a higher percentage of patients with comorbidities, including AMI indicates acute myocardial infarction; Asx, asymptomatic; CAD, coronary artery disease; CAS, carotid artery stenting; CEA, carotid endarterectomy; CI, confidence interval; CKD, chronic kidney disease; combined, combined end point of death, CVA, or MI; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident; DM, diabetes mellitus; HF, heart failure; HR, hazard ratio; HTN, hypertension; MI, myocardial infarction; PVD, peripheral vascular disease; Sx, symptomatic.
*Those covariates that were statistically unbalanced at baseline between the CAS and CEA groups as shown in Table 1 were adjusted with propensity scoring.
coronary and peripheral arterial disease, heart failure, and renal failure (Table 1) . However, there was no significant difference in in-hospital stroke and death rates. By 1 year, the CAS stroke rate was not significantly different from CEA. However, all-cause mortality was significantly higher with CAS. After adjustment of those covariates that were statistically unbalanced at baseline between the CAS and CEA groups, a similar stroke risk and higher mortality at 1 year with CAS were maintained. Although it is difficult to compare in-hospital and 1-year results from the present study to other investigations because of differences in methodology and study population, the rates of in-hospital stroke and mortality in the present study are similar to those reported in CAS registries and randomized, controlled, clinical trials. 10, [25] [26] [27] [28] [29] It may be that mortality is truly increased with CAS relative to CEA. There are reasons, however, to believe that there are more cogent explanations for the mortality difference. If CAS truly caused higher long-term mortality, then it might be expected that postprocedure adverse outcomes would be higher with CAS than CEA, which would then have predisposed to worsened long-term outcomes from these complications. In fact, stroke rate was similar. If stent implantation per se were associated with increased mortality, then the expectation would be that late stent thrombosis and fatal stroke would be the putative mortality mechanism. This possibility is unlikely insofar as nonfatal stroke was similar in the 2 groups. Further, the incidence of CAS late stent thrombosis reported in the literature is quite low. More likely is the possibility that CAS patients were at higher baseline risk for mortality. Propensity analysis attempts to correct for baseline inequality, but this type of analysis can only account for a proportion of baseline differences. Further, the Medicare database does not allow for elucidation of the cause of death. In view of the higher MI rate in all CAS subgroups and higher baseline coronary artery disease prevalence risk, it would not be surprising if the excess in death rate were attributable, at least in part, to an increase in cardiac-related deaths. Sensitivity analyses suggest that unmeasured confounders could account for the measured mortality difference.
Despite the broad technical feasibility of CAS, controversy surrounds patient selection, particularly in relation to stroke risk. Several studies have demonstrated that increasing age is an important predictor of complications with CAS. 14, 16 The randomized multicenter Carotid Revascularization Endarterectomy versus Stent Trial (CREST) lead-in phase showed that elderly (80 years or older) patients had a markedly elevated 30-day combined periprocedural stroke or death rate of 12.1% versus 3.2% in younger patients. 14 A large observational study showed that in octogenarians, CAS had a higher rate of in-hospital postoperative stroke (2.1% versus 0.9%; PϽ0.0001) and mortality (1.3% versus 0.4%; PϽ0.0001) compared with CEA. 18 Most recently, an interim analysis of International Carotid Stenting Study (ICSS) showed that the incidence of stroke, death, or procedural MI was higher with CAS at 120 days (8.5% CAS versus 5.2% CEA; Pϭ0.006). 30 In contrast, our study showed a similar stroke rate. By 1 year, the similar stroke risk in both older (66 -79 years) and very old (80 years or older) patients was maintained with CAS versus CEA, providing increased assurance for CAS use in elderly patients (Table 3) .
The presence of symptoms related to carotid stenosis was the strongest risk factor for stroke in our study. In this subgroup, CEA appeared to be significantly better than CAS, when stroke risk with CAS was almost 3-times as high as CEA, although the sample size of this subgroup was small. Conversely, there was no significant difference in stroke rate in the asymptomatic group who represent the majority of patients with carotid stenosis in the real world. The expected decrease in annual stroke rate with CEA in the asymptomatic group was in the 1% range. 6 Our study showed that the greatest risk factors for mortality and stroke were the presence of comorbid conditions (Table 3 ). In view of the relatively small decrease in stroke risk with revascularization and the influence of multiple comorbidities on stroke risk in asymptomatic patients, it may be reasonable to consider the possibility that state-of-the-art intensive medical treatment without revascularization may be an appropriate therapeutic option in some patients rather than revascularization, but this hypothesis requires formal testing.
Comparison With the CREST Study
Most recently, the primary outcome results from the randomized CREST trial have been published. 31 It should be pointed out that, in addition to the study design, there are several important differences of CREST compared with our study, particularly that CREST had Ͼ50% symptomatic patients, which may explain in part the higher incidence of stroke in the CREST trial compared to our study. Stroke rate periprocedurally was significantly higher in the CAS cohort, whereas it was not in the current study. However, Ͻ15% of our patients were symptomatic. In our symptomatic subgroup, there was a significant increase (Pϭ0.016) with CAS. Thus, the results of the 2 studies in this regard may be similar, ie, the risk of periprocedural stroke in symptomatic patients may be higher with CAS than CEA. The relatively lower incidence of stroke in both groups in our study compared with CREST (4.1% CAS versus 2.3% CEA) may also be partly attributable to the lack of mandatory postprocedure neurological evaluation as was mandated in CREST.
Long-term stroke rate (median follow-up, 2.5 years) was similar in the CREST study, which is compatible with our data. However, the MI rate, particularly the in-hospital rate, was higher in the CEA group in CREST, which may be explained by the excellent baseline matching in CREST and the expected higher stress from surgery with CEA. In the present study, CAS patients had higher coronary artery disease prevalence, so the increased baseline risk likely cancelled out any beneficial decrease in MI development in the CAS group. Mortality was similar in the 2.5-year follow-up in the CREST trial. The differences in mortality outcome between CREST and the present study may be attributable to hidden biases, encouraging higher-risk patients to undergo less invasive procedure. A fuller description of the CREST mortality results may help to explain mortality differences observed.
Study Limitations
This study has limitations related to the use of an administrative database and baseline inequalities. Many anatomic, procedural, and clinical factors are not available, and neither is the ability to review individual patient-specific characteristics. As an example, the use and duration of antiplatelet therapy in the 2 groups, particularly thienopyridine in addition to aspirin, cannot be ascertained. To minimize overlooking cases of symptomatic carotid stenosis, all secondary diagnoses of TIA, previous stroke, or amaurosis fugax were included as a means to identify the symptomatic patients. Because coding for carotid stenosis is performed at discharge, it is possible that patient admission presentation data may have been misclassified. Coding errors related to patient factors are also possible; to minimize coding inaccuracies, we used established comorbidity ICD9-CM codes. Likewise, to identify stroke and MI, we used established ICD9-CM codes. 22 In this study, we used multivariable Cox proportional hazards model and propensity analyses to adjust unbalanced risk factors between treatment choices. However, as in all registries, the selection of a particular therapy may be related to hidden biases, which may explain the procedural mortality differences rather than the procedure itself. Although this study was a look at the real world of treating carotid artery stenosis, the Centers for Medicare and Medicaid Services policy of limiting payment to "high-risk" patients only 18 suggests the possibility that many of the CAS patients were enrolled in clinical registries, whereas the CEA patients were treated outside of an investigation, and that CAS patients treated as part of a clinical investigation had a higher baseline risk compared with the CEA patients. This difference, in turn, may explain the mortality difference. The sensitivity analyses results also supported the hypothesis that the mortality difference may be related to residual hidden biases. Finally, although this study represents the largest registry analysis on carotid artery stenosis treatment, some of the subgroup analyses are limited by small sample size.
Conclusions
We found that Medicare CAS patients (87% of whom were asymptomatic) had a higher risk profile than CEA patients. CAS patients had similar in-hospital postoperative stroke and in-hospital mortality rates. By 1 year, CAS patients had a similar stroke risk but an increased mortality rate compared with CEA, likely because of increased baseline mortality risk.
